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TIKK  SKLKCTIOM  FOR  OFF  ROAD 
VKIIKMiKS,  hy  (1.  W.  Tuniayc,  Mobility 
and  I'.nvironmmtal  Systems  Laboratory 


Station  (WIS)  through  a halanced  program  of  basic 
laboratory  research  and  field  testing  of  full-scale  vehicles. 
Many  systematic  tests  have  been  conducted  in  a controller! 
laboratory  environment  with  single  pneumatic  tires  m 
dynamometer  carriage-soil  car  arrangements  (frg.  I ).  The 
basic  objective  has  been  the  development  of  technir|ues  to 
allow  scaling  of  the  model  wheel  test  results  to  predict 
prototype  behavior.  To  accomplish  this,  tires  of  a broad 
range  of  si/.es  and  shapes  have  been  tested  under  an 
extremely  wide  range  of  wheel  loads  and  on  many  soil 
strengths.  Tire  outside  diameters  ranged  from  S to  41  m.. 
widths  from  2 to  15  in.,  and  diameter-to-width  ratios  liom 
I;1  to  16;  I.  Tires  with  conventional,  near-circular  cioss 
sections  (fig.  2) and  those  with  low-prolile.  neai-iectangulai 
cross  sections  (fig.  .5)  were  used.  Two  principal  soil  types 
that,  in  most  cases,  present  the  most  severe  pioblems  to 
wheeled  vehicle  mohilitv  were  used:  one  that  ilerives 


Wheeled  vehicles  are  being  used  off-road  today  more 
than  at  any  time  in  our  history.  The  "all-terrain"  pleasure 
vehicle  for  outdoorsmen  is  only  a few  years  old;  companies 
concerned  with  timber  harvesting,  mining,  surveying,  and 
other  earth-related  activities  have  drastically  increased  their 
off-road  use  of  wheeled  vehicles;  and  the  military,  lurw  as 
much  as  ever,  needs  and  uses  wheeled  vehicles  for  troop 
deployment  and  supply.  Accompanying  the  increased  use 
of  wheeled  vehicles  in  off-road  activities  is  the  increased 
need  for  an  ability  to  predict  vehicle  performance  both 
quantitatively  and  accurately. 

Achievement  of  vehicle  performance  prediction 
capability  has  been  sought  at  the  Waterways  hxperiment 
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ossciitially  all  its  strength  from  friction  (air-dry  sand),  and 
another  that  gains  nearly  all  its  strength  from  cohesion 
(near-saturated  clay). 

Results  of  the  laboratory  tests  were  interpreted  by 
means  of  dimensional  analysis  to  develop  two  terms  that 
can  be  used  to  predict  wheel  performance  in  sand  and  clay, 
respectively.  These  terms. 
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lor  clay,  incorporate  the  soil-wheel  paramelers  considered 


to  be  the  most  pertinent  in  any  wheeled  vehicle  prediction 
scheme:  soil  strength  (G  and  R(T  for  sand  and  clav, 

respectively);  wheel  load  (W);  and  tire  outside  width  (h). 
outside  diameter  (d),  section  height  (h).  and  denectioii  (ft). 

Both  dimensionless  prediction  terms  are  closeK 
related  to  the  following  important  tire  performance 
coefficients:  pull/load,  lori|ue/(load  X active  tire  radius), 
sinkage/diameter.  and  towed  force/load.  The  Inst  three 
coefficients  arc  measured  at  20  percent  slip,  a powered 
condition  that  produces  near-m;L\imnm  pull  on  both  sand 
and  clay  without  excessive  loss  in  forward  translational 
velocity;  the  fourth  is  the  pull  necessary  to  tow  an 
unpowered  wliccl. 

Relations  of  the  two  terms  to  the  pull  coelTicienl  for 
lull-si/e  wheeled  vehicles  are  ilhisirated  in  lies  4 and  .x. 
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Dula  in  lliosc  iwo  llguios  wou*  ohiaincil  with  a wido  variety 
of  vehicle  ci>n!igniaiioi\s,  wlieel  loads,  and  Hie  sizes,  shapes, 
tread  j)atterns.  and  ileOeclion  conditions  in  tests  at  vaiious 
locations  around  the  vv  ruld.  The  cui'ves  of  hesl  111  tor  these 
data  can  he  usc‘d  to  preiticl  (lie  pull  peilomuince  ol  existing 
oi  pioposed  wheeled  vehicles  in  practicallv  any  given  wheel 
loail-soil  strength  situaliim.  and  ti>  chot>se  or  design  tires 
l\>r  a given  vehicle  to  attain  a given  level  of  olT-ioad 
perloimance.  One  diainaiic  example  ol  this  is  the  success 
ai'luevevl  hy  use  ot  a inodilied  version  ol  the  WliS  system 
in  setecline  the  wheel  conrtmuation  used  i>n  the  Lunai 


Kovei  Vehicle  and  in  predicting  its  pitwei  consuminion  late 
on  (he  moon.  In  aiu)thei  study  that  illiisliaies  the 
uselulness  and  versatility  ol'  the  system,  an  S\S  lest  hed 
and  a 10x10  test  hed  wete  ilesigneii  I'oi  use  in  tianspoiiing 
a 2-!'2-lon  load  on  clay  so  soli  that  a man  would  liave 
extreme  ditriculiy  walking  on  it. 

The  WI  S system  tor  tire  selection  Tor  oll-toad  vehicles 
has  made  '\eal-or*the-pants"  judgments  concerning 
laige-scale  oll-toad  wheeled  vehicle  movements  obsolete: 
the  expeilise  is  now  available  to  predict  this  perlormance 
quantitatively  and  accurately. 
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should  be  .iddressed  respective  authors,  V.  S.  Army  I ngineei 
Waterways  I \perirnent  Siati<>n.  P.  O.  Ho\  b.O.  Vickst>urg. 
Mississippi  ,19  ISO. 


